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(57) ABSTRACT 
A circuit enabling the conversion of a set of ECL and a 
set of CMOS logic levels has a differential amplifier, 
two emitter followers, a current switching circuit, and a 
level shifting circuit. The differential amplifier provides 
a common mode input to two emitter followers which 
switch very rapidly using ECL voltage levels. High 
operational speed is accomplished by providing a relax 
ation current during logic high-to-low voltage tran 
sients. The current switching circuit conserves power 
consumption by switching off the relaxation current 
during logic low-to-high transients, during which time 
the emitter followers switch sufficiently fast. The level 
shifting circuit converts the set of ECL logic voltage 
levels to a set of CMOS voltage levels and the CMOS 
output voltage is used to control the current switching 
circuit without introducing a switching delay time. 

12 Claims, 3 Drawing Sheets 
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LOGIC LEVEL, SHIFTNG CIRCUIT WITH 
MNMAL DELAY 

TECHNICAL FIELD 

This invention generally relates to electronic circuits, 
and more particularly, to voltage level shifting circuits. 

BACKGROUND OF THE INVENTION 

The operational speed of modern computers is ex 
tremely important because of the very large and com 
plex algorithms that computers are required to process 
within a very short space of time. In the past, computers 
having the fastest operational speed have typically used 
emitter-coupled logic or ECL, although recently the 
operational speed of CMOS logic devices has tended to 
improve to the point where CMOS logic devices are 
equally as fast as ECL devices. An advantage of CMOS 
logic devices is the high degree of integration attainable 
using such structures. A disadvantage of ECL is the 
substantial power consumption during circuit operation 
due to the necessity of biasing the semiconductor de 
vices in a linear operating region. CMOS logic devices 
in contrast, have a much lower power consumption. 
Notwithstanding the advances in CMOS performance, 
it still remains necessary for CMOS circuits to interface 
with existing "peripheral' ECL circuits for reasons of 
compatibility. In order to achieve compatibility, a volt 
age level shifting circuit is required to convert a set of 
ECL logic voltage levels (approximately (-0.9) volt 
for a logic high and (-1.7) volts for a logic low) to a set 
of CMOS logic voltage levels (typically greater than 
2.20 volts for a logic high and less than 0.8 volt for a 
logic low). 

Logic level shifting circuits are required to have 
stringent circuit specifications to achieve optimum 
speed performance. For example, it is necessary to 
maintain a specified voltage differential between a de 
fined ECL logic high and a defined ECL logic low with 
small variation. The voltage differential is also required 
to be substantially invariant with temperature and im 
mune to electrical noise. A further requirement of the 
voltage level shifting circuit, for implementation in 
CMOS technology, is low power consumption and high 
operational speed. 
A known logic level shifting circuit is taught by B. L. 

Morris in U.S. Pat. No. 4,943,741 entitled “ECL/CML 
Emitter Follower Current Switch Circuit'. An advan 
tage of the circuit described by B. L. Morris is the re 
duction in power consumption which is attained by 
relaxation current switching. The relaxation current is 
provided to enhance the operational speed of the emit 
ter follower and is switched off during certain periods 
of operation when the relaxation current is not required. 
A disadvantage of this circuit, however, is the relatively 
slow switching speed due to a cross-coupling of volt 
ages in a flip-flop type of circuit. The delay time occurs 
because the cross-coupled voltages have to overcome 
the barrier potential or cutin voltage of two semicon 
ductor devices. 

SUMMARY OF THE INVENTION 

Briefly, the present invention provides an improved 
logic level shifting circuit for converting between a first 
set of logic voltage levels and a second set of logic 
voltage levels, such as ECL to CMOS levels. In accor 
dance with one embodiment of the invention, a first 
current source is coupled to a current steering portion. 
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2 
The current steering portion has differential mode in 
puts for receiving differential mode input voltages asso 
ciated with a first set of logic levels. The input current 
steering portion has a first pair of differential outputs 
with each output providing a current proportional to 
the differential mode input voltages. A first pair of pas 
sive loads is respectively coupled to the first pair of 
differential outputs of the current steering portion for 
providing a first pair of voltages in response to the 
currents from the current steering portion. A pair of 
voltage followers is respectively coupled to the first 
pair of voltages for providing a second pair of voltages 
associated with the first set of logic levels. A pair of 
switched current control devices is respectively cou 
pled to the outputs of the pair of voltage followers. A 
second current source is coupled to the pair of switched 
current control devices for providing a predetermined 
current to the pair of switched current control devices. 
A buffer is coupled to the second pair of voltages and 
provides a third pair of output voltages associated with 
a second set of logic levels and is coupled to the pair of 
switched current control devices. 
These and other features and advantages will be more 

clearly understood from the following detailed descrip 
tion taken in conjunction with the accompanying draw 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(A) illustrates, in schematic form, a known 
emitter follower circuit. 
FIG. 1(B) illustrates switching characteristics of the 

emitter follower circuit of FIG. 1(B). 
FIG. 1(C) illustrates, in schematic form, another 

known emitter follower circuit. 
FIG. 2 illustrates, in partial schematic form, a known 

ECL/CML emitter follower current switch circuit. 
FIG. 3 illustrates, in partial schematic form, a level 

shifting circuit in accordance with the present inven 
tion. 

DETALED DESCRIPTION OF THE 
INVENTION 

Switching characteristics of semiconductor devices 
are an important consideration in the design of very fast 
computer circuits. FIGS. 1 (A-C) present a series of 
illustrations which clarify the switching characteristics 
of a bipolar transistor which is connected as a known 
voltage follower circuit. The voltage follower circuit 
forms the basic building block of emitter-coupled-logic 
circuits or ECL. 

FIG. 1(A) illustrates, in schematic form, a voltage 
follower circuit 10 having a Vin input 12 and a Vout 
output 14. Circuit 10 comprises an NPN bipolar transis 
tor 16 having a collector connected to a supply voltage 
VDD and an emitter coupled to VEE through a resistor 
18. A base of transistor 16 provides the Vin input 12. 

In operation, circuit 10 functions as a non-inverting 
voltage follower having unity gain. When the Vin input 
12 has a logic low-to-high input voltage transition, the 
Vout output 14 will follow as a logic low-to-high output 
voltage transition. In switching from a logic low-to 
high, the output voltage at Vout output 14 switches 
very fast as current is rapidly pulled up from ground by 
transistor 16 through resistor 18. In the reverse switch 
ing mode, when the output transitions from logic high 
to-low, the output voltage at Vout output 14 of circuit 
10 transitions relatively slowly because there is no cur 
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rent path to VEE except through resistor 18. Therefore, 
a relaxation current is required to flow to ground in 
order to pull-down the voltage on the emitter of transis 
tor 16. 
FIG. 1(B) illustrates, in graphical form, a switching 

characteristic of circuit 10. The graph illustrates a rela 
tionship between a dependent variable delay time, T, 
and an independent variable emitter current, Ie. A 
curve labeled T(L-H) illustrates the switching charac 
teristic for a logic low-to-high voltage transient demon 
strating that the switching delay is independent of the 
magnitude of the emitter current. A curve labeled T(H- 
L) illustrates the switching characteristic of a logic 
high-to-low voltage transient demonstrating that 
switching speed, for this polarity, is dependent upon the 
magnitude of emitter current. For instance, referring to 
the graph illustrated in FIG. 1(B) an emitter current Ie, 
marked on the graph, has a delay time equal to Te. An 
emitter current Ie--Ir, marked on the graph, has a delay 
time of Tr. From these curves, it is possible to conclude 
that if a design includes an additional current equal to 
Ir, then the T(H-L) voltage transient can be made faster 
and reduces the delay time from Te to Tr. The addi 
tional current, Ir, required to operate on the curve T(L- 
H) where the delay time is minimized, is referred to as 
the relaxation current. 

FIG. 1(C) illustrates, in schematic form, a voltage 
follower circuit 40 having a Vin input 42 and a Vout 
output 44. Circuit 40 comprises an NPN bipolar transis 
tor 46 having a collector connected to a supply voltage 
VDD and an emitter connected to a first terminal of a 
current source 50. A second terminal of current source 
50 is connected to VEE. The emitter of transistor 46 is 
also coupled to VEE through a resistor 48. 

In operation, circuit 40 functions as a non-inverting 
voltage follower having a unity voltage gain. When Vin 
input 42 has a logic low-to-high input voltage transition, 
the voltage at Vout output 44 will follow as a logic 
low-to-high voltage transition. In switching from a 
logic low-to-high, the output voltage at Vout output 44 
switches extremely fast and current is rapidly pulled up 
from VEE, through resistor 48 by transistor 46. In the 
reverse switching mode, when Vin input 42 has a logic 
high-to-low transition, the voltage at Vout output 44 
relaxes very quickly to zero volts due to the availability 
of a relaxation current which is provided by current 
source 50. 
FIG. 2 illustrates, in partial schematic form, a circuit 

60 which is a known ECL/CML emitter follower cur 
rent switch circuit. Circuit 60 comprises a differential 
amplifier 62, two emitter followers respectively com 
prised of transistors 70 and 72, and a switching portion 
comprised of transistors 82 and 84. Differential ampli 
fier 62 has a Vin input 64 and a logic complementary 
Vin' input 66. Three important nodes are associated 
with differential amplifier 62. The first node is con 
nected to a current source 68, a second node is con 
nected to a base of transistor 70 and to a load resistor 74, 
and a third node is connected to a load resistor 78 and to 
a base of transistor 72. Load resistors 74 and 78 are 
connected to a load resistor 80 which is connected to a 
voltage supply VDD. Circuit 60 has two emitter fol 
lower circuit portions respectively comprising transis 
tors 70 and 72. Collectors of transistors 70 and 72 are 
connected to supply voltage VDD. A current switching 
portion of circuit 60, having a Vout output 86 and a 
logic complementary Vout output 88, is comprised of 
transistors 82 and 84. An emitter of transistor 70 is con 
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4. 
nected to a complementary Vout' output 88, and to an 
anode of a diode 90, and to an anode of a diode 92. An 
emitter of transistor 72 is connected to Vout output 86 
and to an anode of diode 94, and to an anode of diode 
96. A cathode of diode 90 is connected to a collector of 
transistor 82, and a cathode of diode 92 is connected to 
a base of transistor 84 and to a first terminal of a current 
source 98. A second terminal of current source 98 is 
connected to VEE. A cathode of diode 94 is connected 
to a collector of transistor 84, and a cathode of diode 96 
is connected to a base of transistor 82 and to a first 
terminal of a current source 100. A second terminal of 
current source 100 is connected to VEE. Emitters of 
transistors 82 and 84 are each connected to a first termi 
nal of a current source 102. A second terminal of cur 
rent source 102 is connected to ground. 

In operation, circuit 60 functions as two emitter fol 
lowers comprising transistors 70 and 72 respectively 
having differential input signals provided by differential 
amplifier 62. An advantage of differential amplifier 62 is 
the ability to reject common mode noise. Since the 
operational speed of an emitter follower is dependent 
upon the voltage polarity of the logic voltage transient, 
as previously described in connection with FIGS. 
1(A-C), a relaxation current is provided by current 
source 102. Another advantage of circuit 60 is a saving 
in power consumption which is obtained by switching 
off the relaxation current during logic transients. A 
disadvantage of circuit 60 is the inherent delay time 
which is introduced by the relaxation current switching 
circuit portion comprising transistor 82 and transistor 
84. The delay time is apparent when considering some 
of the voltage transients occurring within circuit 60. 
For example, at the instant in time when the voltage at 
Vout output 86 begins to transition from a logic high-to 
low voltage, transistor 84 is initially off, due to cross 
coupling of the complementary output voltage at the 
Vout' output 88 to the base of transistor 84. The time 
delay required for transistor 84 is the time taken for the 
complementary voltage at Vout' output 88 to overcome 
a barrier potential or cutin voltage associated with 
diode 92 and with another barrier potential Vbe or cutin 
voltage associated with transistor 84. The delay time 
introduced by the time taken for the voltage to rise 
above the barrier potentials described previously is 
detrimental to the performance of fast static RAMs. 

FIG. 3 illustrates, in schematic form, a logic level 
shifting circuit 200 for converting between ECL and 
MOS voltage levels, in accordance with the present 
invention. The ECL Vin and Vin' voltage levels are 
typically referred to the more positive power supply 
(VDD) while CMOS levels are referred to the more 
negative power supply (VEE). In ECL systems, the 
more positive power supply is typically connected to 
system ground. Circuit 200 generally comprises a differ 
ential amplifier, two emitter follower circuits, and a 
switching portion. A differential amplifier 202 has a Vin 
input 204 and a logic complementary Vin' input 206. 
Three important nodes are associated with differential 
amplifier 202. A first node is a connection to a first 
terminal of a current source 208, a second node is a 
connection to a base of a transistor 210 and to a first 
terminal of a resistor 212, and a third node is connected 
to a base of a transistor 214 and to a first terminal of a 
load resistor 216. A second terminal of current source 
208 is connected to VEE A second terminal of resistors 
212 and 216 are connected to a supply voltage VDD. In 
circuit 200, the two emitter follower circuit portions are 
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comprised of transistors 210 and 214, respectively. Col 
lectors of transistors 210 and 214 are connected to sup 
ply voltage VDD. A current switching portion of circuit 
200 is comprised of transistors 218 and 220. A transistor 
218 has a drain connected to erfitter of transistor 210 
and to a first terminal of a current source 222. A second 
terminal of current source 222 is connected to VEE. A 
gate of transistor 218 is connected to the complemen 
tary Vout' output. A level shifting buffer 228 provides a 
Vout output and a logic complementary Vout' output 
and has a first input connected to the emitter of transis 
tor 214 and a second input connected to the emitter of 
transistor 210. A gate of transistor 220 is connected to 
Vout output of level shifting circuit 228. A drain of a 
transistor 220 is connected to an emitter of transistor 
214, to a first terminal of a current source 224, and to a 
level shifting buffer input 230. A second terminal of a 
current source 224 is connected to VEE. Sources of 
transistors 218 and 220 are connected to a first terminal 
of a current source 226. A second terminal of current 
source 226 is connected to VEE. 

In operation, circuit 200 functions to level shift a set 
of logic voltage levels between ECL and CMOS logic 
voltage levels in a very fast manner. The voltage level 
shifting function is provided by a level shifting buffer 
228. Differential amplifier 202 functions as a pre 
amplifier and provides a differential output signal for 
two voltage follower circuits. The voltage follower 
circuit portion is comprised of transistors 210 and 214, 
respectively. Due to symmetry, it is only necessary to 
consider one of the voltage followers. When input Vin 
has a logic ECL low, the base of transistor 210 will be 
at logic high. Since Vin has a logic ECL low, Vin' has 
an ECL logic high and the base of transitor 214 is a 
logic low. Therefore, at node 230, the first input to level 
shifting buffer 228 is an ECL low and output Vout is a 
CMOS logic low. Therefore, Vout" has a CMOS logic 
high which is coupled to the gate of transistor 218 to 
turn on transistor 218. Since the base of transistor 210 is 
at a logic high and the base of transistor 218 is at a logic 
low, a relaxation current path to VEE is provided and 
transistor 210 transitions very rapidly from high to low. 
As previously described, a high operational speed is 
obtained with the use of a relaxation current. Power 
consumption savings are achieved by switching off the 
relaxation current during logic low-to-high voltage 
transients at the gates of transistors 218 and 220. The 
relaxation currents of circuit 200 are switched off by a 
switching circuit portion respectively comprising tran 
sistors 218 and 220 with feedback control which is de 
rived from Vout and Vout outputs. In contrast with the 
operation of circuit 60 of FIG. 2, as previously de 
scribed, circuit 200 does not suffer from an inherent 
circuit delay time, such as the delay time required to 
overcome a given threshold voltage. The reason that 
the delay time is not inherently present in circuit 200, of 
the present invention, is because of the absence of a 
circuit cross-coupling network that introduces a barrier 
potential, for the voltage to overcome, which inhibits 
the switching of the relaxation current. In other words, 
the correct logic state has already been applied to the 
gates of transistors 218 and 220 so that there is no delay 
in providing a relaxation current. By symmetry, volt 
ages associated with the emitter follower comprising 
transistor 210, behave similarly. Level shifting buffer 
228 adjusts the voltage level appearing at node 230 to a 
new voltage level which is available at the Vout output. 
For example, if the voltages at node 230 are from a 
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6 
circuit having bipolar transistors such as transistors 210 
and 214, level shifting buffer 228 can be designed to 
shift ECL voltages to a set of CMOS logic voltage 
levels, appearing at Vout output. Level shifting buffer 
228 approximately introduces a one nanosecond delay 
which further enhances the switching speed of the cur 
rent switching circuit. Advantages of circuit 200 of the 
present invention include low power consumption 
without a tradeoff or sacrifice in speed. 
By now it should be apparent that there has been 

provided a logic level shifting circuit for converting 
between a first voltage level and a second voltage level, 
such as between a set of ECL voltage levels and a set of 
CMOS logic voltage levels. The logic level shifting 
circuit comprises a differential amplifier functioning as 
a current steering device, a current switching portion 
and a level shifting circuit portion. The current steering 
device, which is a differential amplifier, has an advan 
tage of providing common mode rejection. The current 
switching portion has an advantage of providing a sav 
ing in power consumption without introducing a degra 
dation in operational speed. The voltage level shifter 
allows a conversion of a variety of voltage levels with 
out substantially changing the performance of circuit 
200. 
While there have been described herein the principles 

of the invention, it is to be clearly understood by those 
skilled in the art that this description is made only by 
way of example and not as a limitation to the scope of 
the invention. For example, the voltage levels to be 
shifted need not necessarily be ECL to CMOS, but may 
also incorporate CMOS to ECL, ECL to ECL, and 
CMOS to CMOS. Accordingly, it is intended, by the 
appended claims, to cover all modifications of the in 
vention which fall within the true spirit and scope of the 
invention. 
We claim: 
1. A logic level shifting circuit with minimal delay 

comprising: 
a first current source; 
current steering means coupled to the first current 

source and having differential mode inputs for 
respectively receiving differential mode input volt 
ages associated with a first set of logic levels and 
having a first pair of differential outputs, each pro 
viding a current proportional to the differential 
mode input voltages; 

a first pair of passive loads respectively coupled to 
the first pair of differential outputs of the current 
steering means, for providing a first pair of volt 
ages in response to the currents, each voltage of the 
first pair of voltages provided in response to a 
predetermined one of the currents from the current 
steering means; 

a pair of voltage followers respectively coupled to 
the first pair of voltages for respectively providing 
at a second pair of voltages associated with the first 
set of logic levels; 

a pair of switched current control means respectively 
coupled to a second pair of voltages of the pair of 
voltage followers; 

a second current source coupled to the pair of 
switched current control means for providing a 
predetermined current to the pair of switched cur 
rent control means; and 

buffer means coupled to one of the second pair of 
voltages and providing a third pair of output volt 
ages associated with a second set of logic levels and 



5,059,829 
7 

coupled to control electrodes of the pair of 
switched current control means. 

2. The level shifting circuit of claim 1 wherein the 
pair of voltage followers comprise a pair of emitter 
followers. A. 

3. The level shifting circuit of claim 1 wherein the 
pair of voltage followers comprise a pair of source 
followers. 

4. The level shifting circuit of claim 1 wherein the 
current steering means comprise an emitter coupled pair 
of transistors. 

5. The level shifting circuit of claim 1 wherein at least 
one of the first and second current sources selectively 
provides current in response to a control signal. 

6. The level shifting circuit of claim 1 wherein the 
pair of switched current control means comprises a first 
field effect transistor coupled in parallel with a third 
current source and a second field effect transistor cou 
pled in parallel with a fourth current source. 

7. The level shifting circuit of claim 1 wherein the 
second set of logic levels has a greater excursion than 
the first set of logic levels. 

8. The level shifting circuit of claim 1 wherein the 
current steering means comprises a differential ampli 
fier. 

9. A logic level shifting circuit with minimal delay for 
providing first and second output voltages respectively 
having a first set of logic levels in response to receiving 
first and second input voltages respectively having a 
second set of logic levels, comprising: 
a differential amplifier having first and second inputs 

for receiving first and second input voltages re 
spectively having first and second logic levels asso 
ciated with a first set of logic levels, and having 
first and second output terminals and a third output 
terminal; 

a first current source having a first terminal coupled 
to the third output terminal, and a second terminal 
coupled to a first reference voltage terminal; 

a first resistor having a first terminal coupled to the 
first output terminal of the differential amplifier, 
and a second terminal coupled to a second refer 
ence voltage terminal; 

a second resistor having a first terminal coupled to 
the second output terminal of the differential am 
plifier, and a second terminal coupled to the second 
reference voltage terminal; 
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8 
a first transistor of a first processing type having a 

first current electrode coupled to the second refer 
ence voltage terminal, a control electrode coupled 
to the first output terminal of the differential ampli 
fier, and a second current electrode; 

a second transistor of the first processing type having 
a first current electrode coupled to the second 
reference voltage terminal, a control electrode 
coupled to the second output terminal of the differ 
ential amplifier, and a second current electrode; 

a third transistor of a second processing type having 
a first current electrode coupled to the second 
current electrode of the first transistor, a control 
electrode, and a second current electrode; 

a fourth transistor of the second processing type hav 
ing a first current electrode coupled to the second 
current electrode of the second transistor, a control 
electrode, and a second current electrode; 

a second current source having a first terminal cou 
pled to the second current electrodes of the third 
and fourth transistors, and a second terminal cou 
pled to the first reference voltage terminal; 

a third current source having a first terminal coupled 
to the first current electrode of the third transistor, 
and a second terminal coupled to the first reference 
voltage terminal; 

a fourth current source having a first terminal cou 
pled to the first current electrode of the fourth 
transistor, and a second terminal coupled to the 
first reference voltage terminal; and 

buffer means having an input coupled to the second 
current electrode of the second transistor, a first 
output coupled to the control electrode of the third 
transistor, and a second output coupled to the con 
trol electrode of the fourth transistor, said buffer 
means providing a pair of output voltages respec 
tively having first and second logic levels associ 
ated with a second set of logic levels. 

10. The logic level shifting circuit of claim 9 wherein 
the first and second transistors of first processing type 
are bipolar transistors. 

11. The logic level shifting circuit of claim 10 
wherein the third and fourth transistors of second pro 
cessing type are MOS transistors. 

12. The logic level shifting circuit of claim 9 wherein 
the first set of logic levels are ECL logic levels and the 
second set of logic levels are MOS logic levels. 
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